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Copyright © 2005 by The American Asso-
ciation for Thoracic Surgerydoi:10.1016/j.jtcvs.2005.02.022A series of 12 patients with traumatic sternal fractures without internal organ injury
are reported to have had their fractures repaired with a standard operative technique
that has proved to be effective up to 17 years of follow-up. Although sternal
fractures are often seen in emergency departments of trauma centers, rarely are they
recommended for correction. Often patients experience physical deformity, chronic
pain, and abnormal physical habits. A standard operative technique is proposed with
highly satisfactory results. Thoracic surgeons should be familiar with this problem
and with available standard methods to correct it.
Sternal fractures are uncommon. They are usually caused by severe trauma asa result of falls,1 direct blunt trauma to the sternum, or, most frequently, caraccidents.2-6 The use of restraining seat belts apparently has increased the
incidence of sternal fractures.3,5 Previous reports in the past 50 years described their
incidence and the low mortality rate when no internal injuries occur,6,7 yet no
reports have established a proper operation to repair them when obvious deformities
or symptoms exist. Most of the time, sternal fractures are not treated directly: only
conservative observation has been recommended.4,7
Of all the admissions recorded in emergency departments, sternal fractures
account for 0.45% to 4%.4,6 The morbidity and mortality of such fractures are
directly related to the extent of concomitant injuries and not specifically to the
broken sternum.3,8 More than 95% of patients with a fractured sternum are treated
conservatively. No reports are available on the late sequelae or evolution of such
fractures. Recently, only 1.7% of the patients described by Potaris and associates4
were recommended for surgical intervention, and no specific operative technique
was proposed.
The reason for not correcting sternal fractures in a standard manner is multifac-
torial: the lack of a standard approach to deal with this problem, the lack of
experience among surgeons for implementing any specific operative technique, and,
mostly, the lack of proper evaluation of the degree of deformity and of the long-term
sequelae. We contend that many sternal fractures need to be surgically corrected to
reestablish the proper orientation of the sternum, to avoid physical deformity, to
prevent the slouch position that patients later experience, and to prevent chronic pain
often triggered by any physical activity with the arms.
Materials and Methods
At our institution, we saw 12 consecutive patients with isolated sternal fractures from January
1987 through June 2004. All of the fractures resulted from severe trauma. The mean patient
age was 32 years (range, 17-44 years). The group comprised 9 male and 3 female subjects.
Only 2 of the 12 patients were seen acutely immediately after the trauma occurred. The other
10 patients came late to our attention, after they had been seen in other hospitals and
discharged to follow no specific treatment other than pain relief in connection with any
physical activity. All 12 patients demonstrated obvious sternal deformities, with a bulge at the
site of the fracture. All 12 also exhibited a hunched posture, restricted neck extension, and
kyphosis. The 2 patients we saw after the acute event had no other internal injury of the chest
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no other internal abnormalities.
Age of the Fracture
Of the 12 patients we saw, 10 were already in the chronic
stage (mean, 1.9 years after the original trauma; range, 1
month to 5 years). All fractures occurred in a transverse
fashion; 1 of them had partially healed but with the unstable
mobility typical of a nonunion fracture.
Radiologic Evaluation
The plain chest radiograph was useful to show the level of
the fracture,9 but computed axial tomographic scan with
tridimensional reconstruction was the most useful test for
assessing the position of the fragments and the degree of
overlapping in the 2 fragments of the sternum. It is impor-
tant to note that all 12 patients did have overlapping of the
Figure 1. A, Computerized scanogram, lateral view, of the ster-
num showing the displacement of the manubrium behind the body
of the sternum. B, Cross-sectional view of the sternum, with the
distal body of the sternum anteriorly and the proximal manubrium
behind posteriorly.bone fragments: the manubrium portion of the sternum was
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distance of 1 to 3 cm (Figure 1). Externally, such a defor-
mity might not be very obvious in an obese person, but a
slender patient has a significant obvious deformity (in ad-
dition to all the symptoms that accompany this fracture). All
12 of our patients had the sternal fracture in the upper third
of the sternum. For most of them, the first rib stayed
attached to the upper sternal portion of the bone overlapping
behind the body of the sternum.
Surgical Approach
Our incision is a bilateral subthoracic type that extends
superiorly to the level of the fracture, where the 2 incisions
are joined (Figure 2). In women the subthoracic group is
easier to delineate than in men, but the same approach is
used for all patients. Flaps are created superiorly and infe-
riorly to expose the entire length of the sternum. The pec-
toralis major muscles are not entered in the same direction
but vertically, and they are undermined laterally to 4 or 5 cm
away from the midline.
Once the level of the fracture is identified, we use cautery
to dissect all the fibrous tissue formed between the 2 frag-
ments of the bone until the 2 halves are freed up completely
(Figure 3). A bone grasper is used to hold the upper frag-
ment of sternum, and a second bone grasper is used to fasten
the lower body of the sternum or distal portion. Occasion-
ally, the internal thoracic vessels need to be ligated. Using
an osteotome, we create a groove along the broken width of
the distal end in the body of the sternum and make a
bevel-tapered edge in the proximal broken bone fragment.
Once this is accomplished, we overextend the operating
table to create a slight opisthotonos of the chest that allows
Figure 2. Surgical incision used to approach the sternal fracture
having the highest curvature of incision over the protruding
deformity.us to exert traction on both fragments of the sternum until
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level. Using a hand drill, we then make 2 holes in the upper
portion of the sternum, as well as in the distal bone for
future placement of sternal wires (Figure 4). Figure 5 shows
the position of the sternal wires. We prefer to use gauge 6
Figure 3. Detachment of the 2 fragments of the sternum using
mostly the cautery until the 2 fragments are freed up.
Figure 4. Two threaded Steinmann pins parallel to each other are
inserted tangentially within the thickness of the distal fragment
advanced across the fracture into the manubrium of the sternum.
The Journal of Thoracior 8, depending on the size of the patient. The wires are not
approximated or twisted at this stage but only positioned in
the proper orifices. Otherwise, it would be more difficult to
place them after the sternum is put together.
Figure 5. Complete repair with the pins in their normal position
and the wires twisted together to prevent separation of the
fragments.
Figure 6. Postoperative view of a repaired sternal fracture with
the pins in position, as well as the 2 parallel sternal wires.
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1/16 inch in diameter) in the distal body of the sternum,
parallel to each other in a tangential manner. These are
advanced within the thickness of the bone, crossing the line
of fracture into the manubrium for at least 1 inch. Our
method is similar to that described by Rydell and Jennings10
for the treatment of pectus excavatum. At the time the pins
are advanced, the 2 fragments of the sternum must be set
tight together, and no gap should be left between the 2
fragments. The pins are then cut flush to the sternum. The
wires previously placed are pulled snugly together and
twisted, burying the cut ends in the soft tissue lateral to the
sternum (Figure 5). We then close the fascia layer (contain-
ing the pectoralis major muscles) and the skin incision. The
patient is hospitalized for an average of 3 days, and total
recovery time is 6 to 8 weeks.
Follow-up
Of our 12 patients, 2 had late minor complications. In 1
patient the Steinmann pin migrated distally and protruded
under the skin, requiring pin removal. This complication
occurred at the beginning of our experience, when we were
using smooth plain pins, but since we switched to threaded
pins, we have had no other problems.
In the other patient, a slender person, discomfort was
caused by 1 of the twisted wires under the skin, and there-
fore we removed that wire. Figure 6 shows the postoperative
radiographic aspect of the chest with the 2 intramedullary
pins in position and the sternal wires at the level of the
fracture.
Our current follow-up for all 12 patients extends from 6
months to 17 years, with no late complications and no other
sequelae. All 12 patients are fully active and can use their
arms without restriction.
Conclusions
Fractures of the sternum are not uncommon as a result of
direct trauma to the sternum, particularly in car accidents,
including steering wheel direct blows to the sternum, or
severe falls. I believe that all such fractures must be as-
sessed and evaluated carefully. Many of them will need to
be repaired to prevent chronic pain, deformity of the chest,
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with a sternal fracture must be carefully evaluated not only
at the time of trauma but also weeks later, after the healing
has taken place. It is significant that all of our 12 patients
had overlapping of the sternal bone fragments. In no patient
was the normal position of the sternum preserved. All of
them were symptomatic and restricted in their physical
activities. As long as overlap of the bone fragments exists,
patients should probably undergo an operation to correct
this abnormality. Most patients with sternal trauma are seen
in the emergency department and do not require an ortho-
pedic surgeon; instead, they should be seen by a thoracic
surgeon. Our current technique is safe and very effective,
and long-term results have been highly satisfactory. In ad-
dition, the incision is cosmetically acceptable. Another op-
tion to consider is the technique described by Bertin and
associates,11 but we do not have experience with it. The
entire operation is done in an extrapleural manner, with no
need for intrapleural chest tubes.
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